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DUOBINARY OPTICAL TRANSMISSION
APPARATUS

CLAIM OF PRIORITY

This application claims priority to an application entitled

“DUOBINARY OPTICAL TRANSMISSION APPARA-
TUS,” filed in the Korean Intellectual Property Office on
Nov. 19, 2002 and assigned Serial No. 2002-71930, the

contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a duobinary optical
transmission apparatus using a duobinary optical transmis-
s1on technique.

2. Description of the Related Art

Typically, a Dense Wavelength Division Multiplexing
(DWDM) optical transmission system transmits an optical
signal comprised of a plurality of channels with different
wavelengths using a single optlcal fiber 1n such a way that
it enhances transmission efliciency. As such, the DWDM
optical transmission system has been widely used i a
superhigh-speed Internet network requiring a large amount
of data transfer due to 1ts ability to transmit optical signals
irrespective of the transier rate. Recently, systems capable of
transmitting more than 100 channels via a single optical
fiber using the DWDM optical transmission techmques have
been produced commercially, and a new system capable of
transmitting more than 200 channels each having a transier
rate of 40 Gb/s (Gigabit per second) simultaneously to
accomplish a transfer rate of more than 10 Thps 1s being
intensively researched.

Although new system accommodates rapidly increasing
data traflics as well as transier requests for high-speed data
of more than 40 Gbps, a conventional optical intensity
modulation method using a NRZ (Non-Return to Zero)
method has a limitation 1n increasing the transier quantity as
an abrupt interference and distortion between channels
occurs 1n a prescribed zone, which 1s less than a channel
interval of 50 GHz. In addition, the DC frequency compo-
nents of a conventional binary NRZ transmission signal and
the high-frequency components spreading in a modulation
process cause nonlinear characteristics and dispersion while
the signals are propagated along the optical fiber medium,
thereby limiting a transmission distance at a high-speed
transier rate over 10 Gbps.

Currently, an optical duobinary technique has been inten-
sively researched as a new optical transmission technique
for obviating the transmission distance limitation caused by
the chromatic dispersion. The optical duobinary technique
has an advantage 1n that 1t reduces a width of a transmission
spectrum much more than a general binary transmission
method. The transmission distance 1n a dispersion limitation
system 1s 1nversely proportional to a square of the transmis-
sion spectrum bandwidth. As such, in the case where the
transmission spectrum bandwidth i1s reduced by half, the
transmission distance increases by four times. Moreover, a
carrier wave Irequency 1s suppressed i a duobinary trans-
mission spectrum such that limitations 1n the output optical
power caused by the Brilloum Scattering stimulated in the
optical fiber are reduced.

FIG. 1 1s an exemplary view 1llustrating a block diagram
of the conventional duobinary optical transmission appara-
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2

tus, and FIGS. 2a~2c¢ are views 1llustrating eye-diagrams of
output signals at A, B and C nodes shown i FIG. 1,
respectively.

Referring to FIG. 1, a conventional duobinary optical
transmission apparatus includes a Pulse Pattern Generator
(PPG) 10 for generating electric pulse signals using a NRZ
method; a pre-coder 20 for encoding the electric pulse
signals; drive amplifiers 30 and 31 for amplifying a two-
level signal generated from the pre-coder 20; LPFs (Low
Pass Filters) 40 and 41 for converting the amplified two-
level signal into a three-level signal and reducing a band-
width of the three-level signal; a laser source 50 for gener-
ating a carrier wave; and, a Mach-Zehnder-interferometer-
type optical intensity modulator (MZ MOD) 60 for receiving
the amplified three-level signal and converting the carrier
wave 1nto a two-level optical signal.

In operation, the NRZ-type electric pulse signals gener-
ated by the PPG 10 are encoded as binary signals of 0 or 1
by the pre-coder 20. An output eye-diagram at a node A 1s
shown 1n FIG. 2a. The two-level binary signal generated
from the pre-coder 20 1s amplified by the drive amplifiers 30
and 31, then transmitted to the LPFs 40 and 41. The LLPFs
40 and 41 each have a bandwidth corresponding to about V4
of a clock frequency of the two-level binary signal. This
excessive bandwidth restriction causes interference between
codes, and the two-level binary signal 1s converted into a
three-level duobinary signal because of this interference

between codes. An output eye-diagram at a node B 1s shown
in FIG. 25.

Note that the amplified three-level duobinary signal 1s
used as a driving signal of the Mach-Zehnder-interferom-
cter-type optical intensity modulator (MZ MOD) 60. The
carrier wave generated from the laser source 50 modulates
its own phase and 1ts own optical intensity according to the
driving signal of the MZ MOD 60, and 1s thereby generated
as a two-level optical duobinary signal. An output eye-
diagram at a node C 1s shown 1n FIG. 2C. Referring back to
FIG. 1, a reference character QQ indicates the inverted signal
of a signal Q, and the signals Q and Q are respectively

transmitted to a positive electrode (+) and a negative elec-
trode (-) of the MZ MOD 60 with a dual electrode structure.

The MZ MOD 60 1s classified into a Z-cut type MZ MOD
and an X-cut type MZ MOD according to its own electrode
structure. As shown 1 FIG. 1, the Z-cut type MZ MOD
having a dual electrode connects its own both arms to the
drive amplifiers 30 and 31 and the LPFs 40 and 41 1n such
a way that a three-level electric signal 1s applied to each of
both electrodes of the Z-cut type MZ MOD. Although the
X-cut type MZMOD having a single electrode 1s not shown
in the drawings, it connects its own one arm to a drive
amplifier and a LPF 1n order to transmit a three-level signal
to one electrode.

FIGS. 3a~3b are views 1llustrating the eye-diagrams of
output signals transmitted via a single mode optical fiber
using a duobinary optical transmission apparatus. Referring
to FIGS. 3a~3b, 1t 1s noted that eye-diagrams are relatively
maintained clearly in the range of a transmission distance

from O km (shown 1n FIG. 3a) to 160 km (shown 1n FIG. 35).

However, the aforementioned conventional duobinary
transmission technique generates a three-level electric signal
using a LPF, such that a diflerence 1s generated on the basis
of dependency of transmission quality corresponding to the
transmission characteristics of a LPF and the length of a
Pseudo Random Bit Sequence (PRBS), thereby causing a
serious problem in an overall system. This jitter problem 1s
generated in the Z-cut type or X-cut type conventional
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structure. Accordingly, a dependency of such signal patterns
provides a limitation in a real optical transmission operation.

Furthermore, in case of using the Z-cut type MZ MOD
having a dual electrode, the output signals Q and Q are
respectively input to LPFs of both arms of the Z-cut type MZ
MOD, amplified by amplifiers, and then transmitted to both
terminals of the Z-cut type MZ MOD. In this case, the Z-cut
type MZ MOD must perform a push-pull operation, where
clectric signals applied to both terminals of the Z-but type
MZ MOD must have different polarities having a difference
180° therebetween. In the case where the electric signals do
not have such diflerent polarities, 1t 1s necessary to adjust a
phase using a delay line. Thus, two LPFs and two amplifiers
must have the same characteristics. However, 1t 1s 1mpos-
sible to manufacture two LPFs and amplifiers with same
characteristics as a tiny difference between the two LPFs or
the two amplifiers 1s unavoidable during the manufacturing,
pProcess.

In addition, a Bessel-Thomson type LPF widely used as

a LPF 1s very expensive, thereby increasing the cost of
production of an overall optical transmission apparatus.

SUMMARY OF THE

INVENTION

Therelore, the present invention has been made 1n view of
the above problems and provides additional advantages, by
providing a duobinary optical transmission apparatus that
does not use expensive electric LPFs, reduces the number of
components used for a transmitter, reduces a production
cost, and increases tolerance for nonlinear and dispersion

characteristics 1n a long-distance WDM transmission pro-
cess.

According to one aspect of the present invention, a
duobinary optical transmission apparatus using a dubinary
transmission method which 1s not affected from transmission
characteristics related to a PRBS (Pseudo Random Bit
Sequence) 1s provided.

According to another aspect of the present invention, a
duobinary optical transmission apparatus is provide and
includes: a Pulse Pattern Generator (PPG) for generating an
clectric pulse signal using a NRZ method; a pre-coder for
encoding the electric pulse signal; an amplifier for ampli-
tying a two-level electric signal generated from the pre-
coder; a laser source for generating a carrier wave; and, a
Mach-Zehnder-interferometer-type optical intensity modu-
lator (MZ MOD) for receiving the amplified two-level
signal, for converting the amplified two-level signal to a
three-level signal, and for modulating the carrier wave with
a two-level optical signal upon receiving the converted
three-level signal.

Preferably, the Mach-Zehnder-interferometer-type optical
intensity modulator (MZ MOD) may have a bandwidth
corresponding to about 5 of a data transfer rate.

According to another aspect of the present invention,
there 1s provided a duobinary optical transmission apparatus,
which includes: a Pulse Pattern Generator (PPG) for gener-
ating an electric pulse signal using a NRZ method; a
pre-coder for encoding the electric pulse signal; an amplifier
for amplitying a two-level signal generated from the pre-
coder; a single-pole type LPF with a single capacitor for
converting the amplified two-level signal into a three-level
signal and for reducing a bandwidth of the three-level signal;
a laser source for generating a carrier wave; and, a Mach-
Zehnder-interferometer-type optical 1intensity modulator
(MZ MOD) for modulating the carrier wave with a two-level
optical signal upon the receipt of the three-level signal.
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4
BRIEF DESCRIPTION OF THE

DRAWINGS

The above and other features and other advantages of the
present invention will be more clearly understood from the
following detailed description taken in conjunction with the
accompanying drawings, i which:

FIG. 1 1s an exemplary view 1llustrating the block diagram
of a conventional duobinary optical transmission apparatus;

FIGS. 2a~2¢ are views illustrating the eye-diagrams of
output signals at A, B and C nodes shown in FIG. 1,
respectively;

FIGS. 3a~3b are views 1llustrating the eye-diagrams of
output signals transmitted via a single mode optical fiber
using a conventional duobinary optical transmission appa-
ratus;

FIG. 4 1s a view 1illustrating the block diagram of a
duobinary optical transmission apparatus in accordance with
a preferred embodiment of the present invention;

FIGS. 5a~5b are views 1llustrating the eye-diagrams of
output signals at nodes R and shown 1n FIG. 4 1n accordance
with a preferred embodiment of the present invention;

FIG. 6 1s a view 1llustrating the frequency characteristics
of a modulator having a variety of bandwidths;

FIGS. 7a~7b are views illustrating the eye-diagrams of
output signals transmitted via a single mode optical fiber
using a duobinary optical transmission apparatus 1n accor-
dance with a preferred embodiment of the present invention;

FIG. 8 1s a view illustrating the block diagram of a
duobinary optical transmission apparatus 1n accordance with
another preferred embodiment of the present invention;

FIG. 9is a view 1illustrating the frequency characteristics
of a LPF 1n accordance with another preferred embodiment
of the present 1invention;

FIGS. 10a~10c¢ are views 1llustrating the eye-diagrams of
output signals at X, Y and 7Z nodes shown i FIG. 8 1n
accordance with another preferred embodiment of the
present 1nvention;

FIGS. 11a~11b are views 1llustrating the eye-diagrams of
output signals transmitted via a single mode optical fiber
using a duobinary optical transmission apparatus 1n accor-
dance with another preferred embodiment of the present
invention; and,

FIG. 12 1s a view 1illustrating the BER (Bit Error Rate)

characteristics 1n response to transmission distances of duo-
binary optical transmission apparatuses 1n accordance with
preferred embodiments of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

T

Now, preferred embodiments of the present invention will
be described 1n detail with reference to the annexed draw-
ings. In the drawings, the same or similar elements are
denoted by the same reference numerals even though they
are depicted in different drawings. For the purposes of
clarity and simplicity, a detailed description of known func-
tions and configurations incorporated herein will be omitted
as 1t may make the subject matter of the present invention
rather unclear.

FIG. 4 1s a view 1illustrating the block diagram of a
duobinary optical transmission apparatus in accordance with
a preferred embodiment of the present invention. Although
the present invention describes an X-cut type MZ MOD with
a single electrode, it should be noted that the teachings of the
present mnvention can be implemented with a Z-cut type MZ
MOD with a dual electrode. Thus, the description with
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respect to the X-cut type MZ MOD 1n the specification
should not impose limitations on the scope of the invention.

Referring to FIG. 4, a duobinary optical transmission
apparatus according to the present invention includes a Pulse
Pattern Generator (PPG) 100 for generating an electric pulse
signal using a NRZ method; a pre-coder 101 for encoding
the electric pulse signal; a drive amplifier 102 for amplifying,
a two-level signal generated from the pre-coder 101; a laser
source 103 for generating a carrier wave; and, a Mach-
Zehnder-interferometer-type optical 1intensity modulator
(MZ MOD) 104 for receiving the amplified two-level signal,
for converting the amplified two-level signal to a three-level
signal, and for modulating the carrier wave with a two-level
optical signal upon receipt of the converted three-level
signal.

In operation, the NRZ-type electric pulse signal generated
by the PPG 100 1s encoded as a binary signal of 0 or 1 by
the pre-coder 101. An output eye-diagram at a node R 1s
shown 1n FIG. 5a. Note that an encoding method shown 1n
FIG. Sa makes it possible to accomplish a duobinary trans-
mission/reception operation without changes 1n a receiver.
The two-level binary signal generated from the pre-coder
101 1s amplified by the drive amplifier 102. Here, the
magnitude of the amplified electric signal is increased by
almost two times the switching voltage of the MZ MOD
104. The amplified signal 1s applied to a modulation terminal
RF (not shown) of the MZ MOD 104 having an X-cut
single-electrode structure, where a two-level signal 1s con-
verted to a three-level signal by a low bandwidth of the MZ
MOD 104. The converted three-level signal modulates the
carrier wave recerved from the laser source 103 having a
two-level optical signal. Note that this type of signal con-
version procedure for converting a two-level signal into a
three-level signal using the MZ MOD 104 is the same as the
LPF usage procedure of a conventional duobinary optical
transmission apparatus shown in FIG. 1. In order to over-
come the prior art problem of using a LPF, a bandwidth of
a MZ MOD 104 having a low bandwidth corresponding to
about 5 of the data speed 1s used, thus eliminating the need
for the conventional LPF.

Typically, a slope along which a signal’s level changes
from a O-level to a 1-level 1s different from a slope along
which a signal’s level changes from the 1-level to the
O-level. However, 1n case of a duobinary optical transmis-
sion apparatus using LPFs as 1n the conventional art, parts
having different slopes are mutually summed up at one time
such that a first signal transition from O-level to 1-level and
a second signal transition from 1-level to O-level are per-
formed, thereby increasing jitters of output waves.

In general, the bandwidth of a Bessel-Thomson LPF used
for a duobinary modulation method corresponds to 4 of a
clock frequency of a two-level binary signal. That 1s, a
bandwidth of 2.5 GHz 1s used for the Bessel-Thomson LPF.
However, the frequency characteristic of the MZ MOD 104
has a low slope, such that the MZ MOD 104 has the optimal
frequency characteristics at a LPF’s bandwidth of about 1.75
GHz 1n case of using a LPF of 10 Gbps. Therefore, 1n
accordance with a preferred embodiment of the present
invention, a bandwidth of the MZ MOD 104 becomes a low
bandwidth corresponding to about 15 of the data speed in
such a way that interference between codes 1s generated by
excessive restriction of the bandwidth, and therefore a
two-level signal 1s converted 1nto a three-level signal due to
the iterference between 0-level signal and 1-level signal.
An eye-diagram at a node S being an output node of the MZ

MOD 104 i1s shown in FIG. 546. Note that FIG. 6 1s a view
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illustrating frequency characteristics of a modulator having
a variety of bandwidths used to set up an optimum band-
width.

FIGS. 7a~7b are views illustrating the eye-diagrams of
output signals transmitted via a single mode optical fiber
using a duobinary optical transmission apparatus 1 accor-
dance with a preferred embodiment of the present invention.
In the same manner as FIGS. 3a~35b, 1t 1s noted that the
eye-diagrams are relatively maintained clearly in a range of
a transmission distance from O km (shown 1n FIG. 7a) to 160
km (shown in FIG. 7b).

FIG. 8 1s a view 1illustrating the block diagram of a
duobinary optical transmission apparatus 1n accordance with
a second preferred embodiment of the present invention. In
the same manner as the aforementioned first preferred
embodiment, although the second pretferred embodiment of
the present invention describes an X-cut type MZ MOD with
a single electrode, 1t can be implemented with a Z-cut type
MZ MOD with a dual electrode.

Referring to FIG. 8, a duobinary optical transmission
apparatus according to the present invention includes a PPG
(Pulse Pattern Generator) 200 for generating an electric
pulse signal using a NRZ method; a pre-coder 201 {for
encoding the electric pulse signal; a drive amplifier 202 for
amplifying a two-level signal generated from the pre-coder
201; a single-pole type filter 203 with a single capacitor, for
converting the amplified two-level signal into a three-level
signal, and reducing a bandwidth of the three-level signal; a
laser source 204 for generating a carrier wave; and, a
Mach-Zechnder-interferometer-type optical intensity modu-
lator (MZ MOD) 205 for modulating the carrier wave with
a two-level optical signal upon receiving the three-level
signal.

The construction and operation of the second embodiment
are essentially same as that described above with respect to
FIG. 4. The only notable difference 1s that a single capacitor
203 1s provided to determine the bandwidth. Hence, the
discussion of similar components described 1n the preceding
paragraphs 1s omitted to avoid redundancy, as they are
described with respect to FIG. 4.

As shown 1n FIG. 8, the LPF 203 having a single pole
connects a single shunt capacitor C between the drive
amplifier 202 and the MZ MOD 205, and a bandwidth 1s
determined by a capacitance of the capacitor C. FIG. 9 1s a
view 1llustrating the frequency characteristics of such a LPF
in accordance with the second preferred embodiment of the
present 1nvention.

FIGS. 10a~10c¢ are views 1llustrating the eye-diagrams of
output signals at X, Y and 7Z nodes shown i FIG. 8 1n
accordance with another preferred embodiment of the
present mvention. Comparing eye-diagrams ol the output
signals at X, Y and Z nodes shown 1n FIG. 8 with those of
output signals at A, B and C nodes shown 1n FIG. 1, 1t can
be seen that there 1s little difference between them.

FIGS. 11a~11b are views 1llustrating the eye-diagrams of
output signals transmitted via a single mode optical fiber
using a duobinary optical transmission apparatus 1n accor-
dance with the second preferred embodiment of the present
invention. In the same manner as FIGS. 3a~3b and FIGS.
6a~6b, 1t 1s noted that the eye-diagrams are relatively
maintained clearly 1n a range of a transmission distance from
0 km to 160 km.

FIG. 12 1s a view 1illustrating the BER (Bit Error Rate)
characteristics 1n response to the transmission distances of
duobinary optical transmission apparatuses in accordance
with preferred embodiments of the present invention as
described above. In particular, a solid line indicates a case
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where a conventional duobinary transmitter 1s used, a dotted
line indicates a case where a duobinary transmitter for
limiting a bandwidth of a modulator (1.e., MZ MOD) 1s used
in accordance with the first preferred embodiment of the
present invention, and a chain line indicates a case where a
duobinary transmitter using a capacitor 1s used 1n accor-
dance with the second preferred embodiment of the present
imnvention. As shown 1n FIG. 12, the BER characteristics of
cach transmitter after data transmission has been performed
at a plurality of transmaission distances 0 km, 80 km and 160
km are shown. It 1s noted that the three kinds of transmitters
indicate similar BER results in the range from 0 km to 160
km.

As apparent from the above description, duobinary optical
transmission apparatus according to the present invention 1s
very resistant to a dispersion phenomenon by at least two
times 1n comparison with other modulation methods, such as
a NRZ and a RZ, and generates a duobinary optical signal
without the mcorporation of expensive LPFs, thereby pro-
viding a simple transmitter with a lower production cost than
the conventional transmitter using an electric LPF.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed 1n the
accompanying claims.

What 1s claimed 1s:

1. A duobinary optical transmission apparatus, compris-
ng:

a generator configured to generate an electric pulse signal

using a NRZ process;

a pre-coder configured to encode the electric pulse signal,

the pre-coder having a single output;

an amplifier configured to amplily a two-level electric

signal generated from the pre-coder;

a laser source configured to generate a carrier wave; and,

an optical intensity modulator configured to convert the

amplified two-level signal to a three-level signal and to
modulate the carrier wave having a two-level optical
signal with the converted three-level signal.

2. The duobinary optical transmission apparatus of claim
1, wherein the optical itensity modulator has a bandwidth
corresponding to about 15 of a data transfer rate.
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3. The duobinary optical transmission apparatus of claim
1, wherein the magnitude of electric signal amplified by the
drive amplifier 1s substantially twice that of a switching
voltage value of the optical intensity modulator.

4. The duobinary optical transmission apparatus of claim
1, wherein the optical intensity modulator 1s a Mach-Ze-
hnder mterferometer type modulator (MZ MOD).

5. The duobinary optical transmission apparatus of claim
4, wherein the MZ MOD comprises one of a X-cut type MZ
MOD having a single electrode and a Z-cut type MZ MOD
having a dual electrode.

6. The duobinary optical transmission apparatus of claim
1, wherein the generator 1s a pulse pattern generator.

7. A duobinary optical transmission apparatus, compris-
ng:
a generator for generating an electric pulse signal using a
NRZ process;
a pre-coder for encoding the electric pulse signal;

an amplifier for amplifying a two-level signal generated
from the pre-coder;

a filter having a single capacitor for converting the
amplified two-level signal into a three-level signal and
for reducing a bandwidth of the three-level signal;

a laser source for generating a carrier wave; and,

an optical intensity modulator for modulating the carrier
wave having a two-level optical signal with the three-
level signal.

8. The duobinary optical transmission apparatus of claim
7, wherein the optical intensity modulator 1s a Mach-Ze-
hnder mterferometer type modulator (MZ MOD).

9. The duobinary optical transmission apparatus of claim
8, wherein the MZ MOD comprises one of a X-cut type MZ
MOD having a single electrode and a Z-cut type MZ MOD

having a dual electrode.

10. The duobinary optical transmission apparatus of claim
7, wherein the generator 1s a pulse pattern generator.

11. The duobinary optical transmission apparatus of claim
7, wherein the filter 1s a single-pole type low-pass-filter

(LPF).



	Front Page
	Drawings
	Specification
	Claims

